Introduction
The discovery of a Higgs boson [1, 2] in 2012 by the ATLAS [3] and CMS [4] Collaborations at the Large Hadron Collider (LHC) marked an exciting new era in experimental particle physics. With more data, emphasis has now shifted to detailed analysis of the properties of the new particle. These measurements are crucial to determine whether this new particle is indeed the Higgs boson as predicted by the Standard Model (SM), or whether it is a more exotic Higgs boson described by a theory beyond the Standard Model (BSM).
This note presents a selection of measurements and their interpretations that probe different properties of Higgs boson production. The compatibility of the data with different spin, parity and tensor coupling scenarios of the Higgs boson are tested in the H → γγ, H → ZZ * → 4 and H → WW * → eνµν decay channels. Measurements of fiducial and differential cross section for Higgs boson production in the H → γγ, H → ZZ * → 4 decay channels are also presented. Lastly an interpretation of the measured differential cross sections in the H → γγ channel, using an effective Lagrangian to probe anomalous Higgs boson couplings, is shown. The results are based on pp collision data collected by the ATLAS detector, and correspond to an integrated luminosity of 4.7 fb −1 at centre-of-mass energy √ s = 7 TeV, and 20.3 fb −1 at √ s = 8 TeV.
Spin and parity interpretations
In the SM the Higgs boson is a CP-even scalar particle, J CP = 0 ++ . Theories beyond the SM may introduce Higgs bosons with different spin-CP structure, and may include CP-mixing. The Higgs chara e-mail: michaela.queitsch-maitland@cern.ch acterisation framework [5] , which uses an effective field theory (EFT) approach, is used to confront the data with different spin-parity scenarios. The SM hypothesis J P = 0 + is compared to alternative models including a pseudo-scalar boson (J P = 0 − ), a BSM scalar boson (J P = 0 + h ), and a graviton-like tensor model (J P = 2 + ) with universal (κ q = κ g ) and non-universal (κ q κ g ) couplings. The measurements [6, 7] perform fits of discriminant observables sensitive to the spin and parity of the signal. For H → γγ the data are divided into categories based on | cos θ * |, the production angle of the two photons in the Collins-Soper reference frame [8] , and the p T of the diphoton system. The H → ZZ * → 4 channel uses a matrix element based discriminant. For the H → WW * → eνµν decay channel a Boosted Decision Tree (BDT) for each model is trained with observables based on the lepton kinematics and missing transverse energy.
The test statistic,q, that is used to distinguish between two spin-parity hypotheses is based on a ratio of profile likelihoods evaluated under either the SM or alternative spin-parity hypothesis. All considered non-SM spin hypotheses, shown in Figure 1 , are excluded at more than 99.9% CL s . Figure 1 . Distributions of the test statistic for the SM Higgs boson (blue) and alternative J P hypothesis (red). The observed values are indicated by the black points. These fits are performed combining the H → γγ, H → ZZ * → 4 and H → WW * → eνµν decay channels. See Auxiliary Material of [7] .
In addition to fixed spin and parity tests, which probe only one CP eigenstate, the tensor structure of the HVV interaction was also investigated. This is done assuming a spin-0 hypothesis and testing a mixture of SM + BSM CP-even and SM + BSM CP-odd independently. Limits are set on the parameters κ HVV /κ SM and (κ AVV /κ SM ) tan α. The likelihood scans of these parameters are shown in Figure 2 . The best fit values for the parameters are within the SM expectation.
Fiducial and differential cross sections
The measurement of fiducial and differential cross sections for Higgs boson production offer an alternative way of probing the properties of the Higgs boson. Cross sections allow a wide range of physics to be investigated, such as the theoretical modelling of gluon-fusion production, spin-CP, and associated jet activity. Fiducial cross sections are defined within a fiducial volume, which is specified by physics object definitions and kinematic selection requirements. The fiducial cross section for a fiducial region, i, is given by ICNFP 2015 
where c i is a correction factor, which is determined using simulated Higgs boson event samples and accounts for the difference in yield between particle level and detector level. These correct for inefficiency and resolution effects of the detector. Therefore measurements of these fiducial cross sections can be interpreted in a wide variety of theoretical models at the particle level, and the theoretical uncertainties are mostly factorised from the measurement. The particle level selection criteria are chosen to be as close to the selection applied to the data as possible to minimise the extrapolation of phase space and to reduce uncertainties.
The measured fiducial cross sections for the H → γγ [9] and H → ZZ * → 4 [10] decay channels are The differential cross sections are measured for many observables that are sensitive to various properties of the Higgs boson. For example, the p T of the Higgs boson and the jet multiplicity, N jets , shown in Figure 3 are sensitive to the theoretical modelling of gluon fusion as well as additional jet activity produced in association with the Higgs boson.
[GeV] Inclusive cross sections,
which are corrected for the acceptance of the fiducial phase space, α i , and the branching fraction, B are also extracted. In this way data in the H → γγ and H → ZZ * → 4 are combined to reduce statistical uncertainties through a likelihood fit. The resulting total cross section and prediction [11] 
syst. unc. 
Interpretations of cross section measurements using an effective Lagrangian
The cross section measurements in the H → γγ channel discussed in Section 3 were also used to set limits on Wilson coefficients for the strongly interacting light Higgs (SILPH) EFT formalism [12] . The measurement uses five of the differential distributions in [9] , where the statistical correlations between bins of observables in data are evaluated using pseudo-experiments [13] . An example for these correlations are shown in Figure 5 for diphoton p T and N jets . The Lagrangian is described by
wherec i andc i are Wilson coefficients that specify the strength of new CP-even and CP-odd interactions respectively. The O i are dimension six operators described in [12] . The terms with γ, g, and HW or HB affect the coupling of the Higgs to photons, gluons, and weak vector bosons respectively. 
Summary and Conclusion
Measurements probing the properties of the Higgs boson at the LHC are reported, based on pp collision data collected by the ATLAS detector corresponding to an integrated luminosity of 4.7 fb −1 at centre-of-mass energy √ s = 7 TeV, and 20.3 fb −1 at √ s = 8 TeV. The compatibility of the data with different spin, parity and tensor coupling scenarios of the Higgs boson are tested in the H → γγ, H → ZZ * → 4 and H → WW * → eνµν decay channels. Fiducial and differential cross sections for Higgs boson production in the H → γγ, H → ZZ * → 4 decay channels are presented. In the H → γγ channel a selection of the measured differential cross sections are used to set limits on anomalous Higgs boson couplings using an effective Lagrangian. No significant deviations from the SM predictions are observed in any of the measurements discussed.
